Introduction
The term Disorders of Sex Development (DSD) refers to congenital conditions in which development of chromosomal, gonadal, and phenotypic sex is discordant [1] . Studies have demonstrated higher levels of psychological distress and poorer sexual quality of life in people with DSD compared to unaffected individuals [1] [2] [3] [4] , although the reasons for these differences are unclear. Limited research has been conducted on how having a child with a DSD affects caregivers, especially with regard to their mental health and parenting characteristics [5] . In the extant chronic medical illness literature, researchers have found that parents of children with a chronic illness are at risk for (1) exhibiting levels of overprotection, (2) perceiving their child as more vulnerable than others, and (3) reporting significant levels of parenting stress [6] [7] [8] [9] . Importantly, these parental characteristics are predictive of children's emotional, behavioral, and social adjustment [10, 11] .
Rearing a child in whom genital ambiguity persists versus opting for genitoplasty (clitoroplasty, vaginoplasty, or hypospadias repair) before a child can assent to such procedures is a challenge for caregivers of children with DSD [12] . The 2006 consensus statement on DSD notes "It is generally felt that surgery that is performed for cosmetic reasons in the first year of life relieves parental distress and 2 International Journal of Pediatric Endocrinology improves attachment between the child and parent etc." [1] . Indirect evidence for this is provided by the fact that some parents choose early genitoplasty for their children despite the acknowledged risk to sexual function resulting from such procedures [13, 14] . The aim of the present study was to determine the related impact of having a child born with a DSD including ambiguous external genitalia, as well as the decision to have early genitoplasty for that child, on the mental health status and parenting characteristics of primary caregivers.
Materials and Methods

Participants and Procedure.
Primary caregivers of children with DSD were invited to participate if their child was diagnosed with a DSD for at least 6 months prior to recruitment. The 6-month cut-off was chosen to ensure that caregivers of children newly diagnosed with DSD were not included as they are expected to exhibit elevated levels of depressive symptoms, anxiety and overprotective parenting. In families that included two caregivers, both were invited to participate. Families served by DSD specialists at the University of Oklahoma Children's Hospital, Johns Hopkins Hospital, and the Women's and Children's Hospital of Buffalo were invited to participate. Additionally, other parents could participate if they initiated contact with the senior author. Inclusion criteria included being 18 years of age or older, able to provide informed consent, and able to read English at an 8th grade reading level.
After obtaining informed consent, primary caregivers were mailed a questionnaire packet including a stamped return envelope. Following receipt of the completed questionnaire packet, a gift card worth $25 was mailed to each participant. A total of 72 primary caregivers of 47 children were invited to participate (Tables 1 and 2 ). Four caregivers declined and 68 (40 mothers, 23 fathers, 1 grandmother, 1 grandfather, and 3 foster parents) provided informed consent and completed the study. All participants endorsed being primary caregivers for the child of interest and were recruited from a larger study examining caregiver adjustment to children with DSD.
Measures.
For all measures employed, the following conventions were used to categorize internal and test-retest reliability estimates: >.70 is adequate, >.80 is good, and >.90 is excellent [15] .
Demographics Questionnaire. Caregivers completed a questionnaire that assessed their age and race, child age, number of children and caregivers in the home, marital status, and household income.
Beck Anxiety Index (BAI).
Caregiver levels of anxiety were measured with the BAI, a 21-item self-report measure developed for 17-80 year olds that uses a 4-point response scale ranging from "not at all" to "severely." Higher scores indicate greater levels of parental anxiety. Total scores can be categorized as minimal (0-7), mild (8) (9) (10) (11) (12) (13) (14) (15) , moderate (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , and severe (26-63) [16] . The BAI has good psychometric properties including high internal reliability (α = 0.92) and good test-retest reliability (r = 0.75) after one week [16, 17] . Cronbach's alpha for the current sample was 0.86 meaning that the internal reliability for the measure was good.
Beck Depression Inventory-2nd Edition (BDI-2).
Caregiver levels of depression were measured with the BDI-2, a 21-item self-report measure developed for 13-80 year olds that uses a 4-point response scale ranging from "not at all" to "severely."
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Higher BDI-2 scores indicate greater levels of depressive symptomology. Total scores can be categorized as minimal (0-13), mild (14) (15) (16) (17) (18) (19) , moderate (20) (21) (22) (23) (24) (25) (26) (27) (28) , and severe (29-63) [18] . The BDI-2 possesses excellent internal reliability (α = 0.90-0.92) and test-retest reliability (r = 0.93) after one week [18, 19] . Cronbach's alpha for the current sample was 0.92 meaning that the internal reliability for the measure was excellent.
Parent Protection Scale (PPS).
Caregiver overprotection was measured with the PPS, a 25-item self-report that assesses dimensions of protective parenting of children ages 2-18 years. Caregivers use a 4-point scale ranging from "never" to "always" to answer each question. Higher scores indicate greater levels of overprotection of their child. A clinical cutoff of 1 SD above the mean of the sample indicates clinically significant overprotection [20] . The PPS shows moderate to high internal reliability (α = 0.73), high test-retest reliability (r = 0.86), and adequate internal consistency (α = 0.74) [20] . Cronbach's alpha for the current sample was 0.76 meaning that the internal reliability for the measure was adequate.
Child Vulnerability Scale (CVS).
Caregiver perception of child vulnerability was measured with the CVS, an 8-item self-report that uses a 4-point scale ranging from "definitely false" to "definitely true." Higher scores indicate greater perceived child vulnerability by caregivers. The CVS was originally validated on parents of children ageing 4-8 years and includes a clinical cut-off score of 10 or greater to determine significant perceived vulnerability [21] . The CVS shows moderate to high internal reliability (α = 0.74), high test-retest reliability (r = 0.84), and adequate internal consistency (α = 0.78) [21] . Cronbach's alpha for the current sample was 0.76 meaning that the internal reliability for the measure was adequate.
Parenting Stress Index/Short Form (PSI/SF).
Caregiver stress was measured with the PSI/SF, a 36-item self-report that uses a 5-point scale ranging from "strongly agree" to "strongly disagree." Higher PSI/SF scores indicate greater caregiver stress. The PSI/SF was developed for caregivers of children from 1 month to 12 years of age. A clinical cut-off score of 90 or higher indicates clinically significant caregiver stress [22] . The PSI/SF shows high internal consistency (α = 0.92) and its validity has been established in parents of children with chronic medical conditions such as diabetes and asthma [22] [23] [24] . Cronbach's alpha for the current sample was 0.95 meaning that the internal reliability for the measure was excellent.
Statistical Analyses. Since male and female caregivers of the same child completed measures in many instances, separate analyses were conducted according to sex. The dataset was examined for missing values. If 5% or less of items were missing from any single measure, participant-specific mean values were inserted. If more than 5% of items were missing from any single measure, pairwise deletion was applied for that measure. In order to control for demographic (i.e., caregiver age, child age, annual income, number of children in the household and number of caregivers in the household) or illness characteristics (i.e., duration of illness) that may be related to the dependent variables of interest (i.e., BAI, BDI-2, CVS, PPS, and PSI/SF total scores), bivariate correlations were conducted. Specifically, if a significant correlation was found between a demographic or illness variable and a dependent variable, that demographic or illness variable was used as a covariate in subsequent analyses (see Tables 3 and  4) . Therefore, conducting these correlational analysis allowed us to control for any demographic or illness characteristics that were found to be significantly related to the dependent variables in order to provide a more stringent test of group differences. First, univariate analyses (ANOVA or ANCOVA) were conducted to determine whether caregivers of children who underwent genitoplasty differed from caregivers of children who did not have genitoplasty on all dependent measures, with applicable covariates entered for each comparison. To determine whether the child's age at the time of surgery (e.g., ≤1 year old versus >1 year old) was related to any of the dependent variables, univariate analyses (ANOVA or ANCOVA) were conducted separately for male and female caregivers. The assumptions of homogeneity of variances and regression slopes were tenable for all analyses. All reported P values are two sided, statistical significance was considered at alpha ≤ 0.05, and partial η 2 was used for an effect size estimate because it estimates the factor of interest while controlling for covariates. Statistical analyses were conducted with SPSS version 17.
Results
To determine whether male caregivers of children who had genitoplasty differed from male caregivers whose children did not, questionnaire responses were compared using univariate analyses while controlling for appropriate covariates (Table 5) . Male caregivers did not differ on any of the dependent variables regardless of whether or not their child had ever received genitoplasty.
To determine if female caregivers of children who did, or did not, have genitoplasty differed on BAI, BDI-2, PPS, CVS, and PSI/SF total scores, univariate analyses controlling for appropriate covariates were conducted. Among female caregivers whose children did not receive genitoplasty, significantly higher levels of parenting stress were reported (F (1, 40) = 5.08, P = .030; Table 5 ) as indicated by the PSI/SF.
To determine whether participants' mental health or parenting characteristics were affected by their child's age at the time of genitoplasty (i.e., ≤1 year old versus >1 year old), univariate analyses controlling for applicable covariates were conducted for male and female caregivers. For males, those whose children had genitoplasty early had higher levels of overprotective parenting and parenting stress than those whose children received genitoplasty after 12 months of age (F (1, 13) = 6.16, P = .028; F (1, 15) = 6.70, P = .021, resp.) as indicated by the PPS and PSI/SF, respectively. No relationship between the timing of surgery, mental health, and parenting characteristics was observed for female caregivers (Table 6 ). Neither gender of rearing of the child nor type of DSD was related to BAI, BDI-2, PPS, CVS, or PSI/SF total scores for either male or female caregivers (P > .05).
Discussion
The primary goal of the current study was to measure selfreported parenting characteristics, anxiety, and depressive symptoms in caregivers of children affected by DSD including ambiguous genitalia. Additionally, we investigated how the decision to proceed with genitoplasty early in a child's life related to caregivers' mental health and parenting characteristics. Female caregivers reported more parenting-related stress if their child's genitalia remained ambiguous (although the mean PSI for this group was not clinically significant). Interestingly, a recent study of children born with cleft lip revealed increased difficulties in mother-infant interactions when children underwent late (3-4 months), compared to early surgical intervention [25] . Possibly female caregivers are more stressed than males by a child's atypical physical appearance because females take primary responsibility for their child's early physical needs.
For males, overprotective parenting and parenting stress related to their child having genitoplasty prior to, but not later than, 12 months of age. While some males exhibited clinically significant overprotection, the group overall did not. Perhaps male caregivers are more comfortable with waiting for genitoplasty because they are not taking primary responsibility for bathing, dressing, and changing the child. The mean age of genitoplasty in the later surgery group was 22.8 months (Table 2) . Thus, it appears that some form of adaptation occurs between the first and second years of a child's life that results in greater comfort of males to proceed with genitoplasty. Perhaps this allows for more time to obtain education or the opportunity to obtain a second opinion.
Furthermore, it is unclear how sex differences in caregiver reactions to genitoplasty might contribute to family conflict surrounding the treatment plan for a child's DSD. While the majority of our participants reported intact marriages, we did not assess the quality of these relationships. Elevated parenting stress and overprotective could translate into positive or negative psychosocial development for children. Future studies should consider children's psychosocial development as it relates to their parents reactions to DSD.
Limitations
Several limitations to the current study qualify our results. First, the study was cross-sectional. As a result, we were unable to examine the trajectory of the outcome variables over time. Second, shared method variance is a potential issue because in many cases 2 caregivers of a single child completed the study. Although separate analyses were Male caregiver: genitoplasty not conducted (n = 8), genitoplasty conducted (n = 18). Female caregiver: genitoplasty not conducted (n = 13), genitoplasty conducted (n = 29).
conducted for female and male caregivers in an attempt to address this issue, it is possible that shared method variance impacted the results. Additionally, caregivers in the current study were predominantly Caucasian, married, and reported a relatively high annual income. As such, the current results may not generalize to other populations. Some of the participants are caregivers of younger or older children at different developmental stages than what the outcome measures were developed to assess. Finally, the type and extent of education and counseling surrounding their child's DSD and treatment plan were unavailable for caregiver participants. We were therefore unable to consider these potentially important factors when analyzing the data. Male caregiver: genitoplasty under 12 months (n = 13), genitoplasty over 12 months (n = 5). Female caregiver: genitoplasty under 12 months (n = 18), genitoplasty over 12 months (n = 11).
Conclusion
In response to the increasing awareness of cosmetic and functional limitations of reconstructive surgery in the context of genital ambiguity [4] , some medical centers have adopted a more conservative approach in the surgical treatment of children with DSD [26] . Our data indicate that choosing not to proceed with genitoplasty at all, as well as doing so very early in life, is associated with higher levels of stress and maladaptive parenting characteristics for some caregivers. Perhaps caregivers are fearful that others will observe their child's ambiguous genitalia and question their gender. Other fears may include the belief that atypical genital anatomy leads to atypical sexual behavior. Additionally, caregivers who opt out of genitoplasty may do so because they lack the financial resources necessary to obtain surgical treatment for their child. Decisions around whether or not to have genitoplasty for a child born with ambiguous genitalia are complex and difficult for parents to make. Future qualitative studies are needed in this group to better understand why some caregivers respond negatively when choosing to not have genitoplasty for their child. Finally, though we found an association between early surgical events and parental stress and overprotection among male caregivers, we cannot address cause and effect. It is possible that stressed, overprotective men were more eager to have earlier surgery for their child. Alternatively, caregivers who choose genitoplasty within the first 12 months of their child's life may feel that they were rushed into the decision or incompletely informed. As caregivers' negative responses to DSD can impact psychological development of children, future research should examine how stress and parenting characteristics surrounding genitoplasty decisions made within the first year or life might translate into later adjustment problems for children.
Indeed, our data suggest that while some parents may be coping poorly with surgical decisions for their child, others are resilient. For the time being, it is necessary to assure that parents receive education about the pros and cons of genitoplasty for their child, including adequate time to process this information. Part of this education should include acknowledgement of the possible risks to not having surgery or having surgery within the first year of life. Additionally, because surgery is irreversible, counseling to help relieve parental stress surrounding genitoplasty decisions should be offered. More work is needed in this understudied area to optimize outcome for children born with ambiguous genitalia.
Additional Note
Although some of the items from the CVS, PSI-SF, and PPS may not be appropriate for children of every developmental stage, we elected to retain all original items rather than make arbitrary decisions a priori as to which items were not developmentally appropriate. Additionally, each of these measures has been used in previous research for parents of children of all ages [6, [8] [9] [10] 19] .
